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INTRODUCTION

FT-Raman is rapidly becoming a widely
accepted analytical and research tool in
some areas of the paper industry. This is
because FT-Raman has particular advan-
tages for the industry, based both on
industrial measurements and academic
research. This note will compare results 
available from FT-Raman measurements
with other analytical techniques available.

Wood, pulp, paper and many of their
associated compounds are traditionally
very difficult samples on which to perform
analysis. Most current analyses, like the
commonly used kappa number measure-
ment, are traditional wet-chemical methods
dependent upon separation and isolation
of constituents. These methods typically
make bulk, non-specific measurements
which very often disrupt and modify the
structures of interest and produce results
which are not always simple to interpret.
Important components in paper are often
present in relatively low levels. For example,
lignin is an important compound to char-
acterize in the production process but often
comprises only 3% of a chemical pulp,
making it difficult to isolate or to detect
clearly in most spectroscopic analyses.

While much effort has been made to
apply spectroscopic techniques for their
potential to yield information at the molec-
ular level, these attempts have also been
fraught with difficulties. Infrared (IR)
absorption measurements have had some
success in limited areas of the paper
industry despite the fact that paper is far
from an ideal IR sample. Papers and pulps
are difficult samples to make direct IR
measurements on and are not easily “bro-
ken down” for suitable preparation. In
addition, cellulose and starch, the two
most abundant paper compounds, have
very strong, virtually indistinguishable IR
spectra. This is a two-fold disadvantage,
first their similar spectra normally make it
impossible to distinguish cellulose and

starch from each other (let alone the many
different forms of cellulose and starch!).
Secondly, the fact that the spectra are very
strong often means that the spectra of
other less abundant materials such as
coatings and fillers are overshadowed in
the overall measurement.

Reflectance FT-IR measurements have
been attempted to study wood pulps[1,2].
However pulps and many man-made fibers
are heterogenous, scattering light in an
irreproducible manner and this makes
quantitative measurements extremely 
difficult. The “rough” surfaces of these
types of samples also limits the effectiveness
of contact techniques such as Attenuated
Total Reflectance (ATR).

Several research laboratories investigat-
ing wood and paper products have used
conventional dispersive Raman for their
investigations[3]. This has not been a widely
used technique because of the problems of
using dispersive style instruments, particu-
larly resulting from employment of visible
light sources for excitation.

However, the Raman technique in general
has several advantages for this type of 
sample. Optical heterogeneity does not
present a problem and these systems have
shown successful results with plant cell
walls and wood tissue[4,5]. One of the
biggest problems with dispersive Raman
systems however, is that they normally
operate with visible excitation and this
causes fluorescence in a very large 
number of samples. Fluorescence is a very
strong emission effect and will often
swamp any Raman signal which might 
otherwise have been visible. Fluorescence
is an especially bad problem for wood and
paper based materials since they are 
generally complex mixtures of compounds,
several of which fluoresce under visible
excitation. Consequently conventional
Raman techniques have only proved useful
for a narrow range of sample types.

THE ADVENT OF FT-RAMAN

Fourier transform methods have revolu-
tionized the infrared absorption technique.
Compared with dispersive scanning IR
instruments, FT-IR instruments have high
optical throughput, reliable wavelength
scales, and fast scanning times. Around
1986, the first FT-Raman instruments were
constructed in research labs bringing
these same advantages to the Raman 
technique. In addition, FT-Raman instru-
ments typically use near IR (NIR) lasers
for excitation rather than the visible light
sources historically used in dispersive 
instruments. The use of longer wavelength
excitation dramatically reduces the 
number of compounds which exhibit 
fluorescence and therefore make Raman a
suitable technique for examining a wide
variety of different compounds. For more
information on the theory of the Raman
effect and the workings of FT-Raman
instruments, see Nicolet’s application note
on this subject.[6]

FT-Raman has been used as an integral
research tool in the development of 
alternate bleaching technologies for paper
products[7]*. In this study, FT-Raman
results were obtained for each stage of a
conventional chlorine based bleaching
process, and were compared with 
measurements from alternate multi-stage
processes using bleach-free compounds.
The method uses vanadium substituted
polyoxometalates as catalysts, with these
compounds first oxidizing residual lignin
in the pulp and then, in turn, being 
re-oxidized by chlorine free agents such as
air, dioxygen, peroxides or ozone.

The study also compares the FT-Raman
results from pulps treated in this way with
more commonly used chemical, spectro-
scopic and optical techniques such as
kappa number, UV-Vis spectroscopy and
brightness measurements.

AN 9474



WHY FT-RAMAN IS IMPORTANT 
TO THE PAPER INDUSTRY

Although FT-Raman does not answer all of
the analysis problems faced by a paper lab,
the technique has a number of advantages
over either conventional Raman techniques
or FT-IR measurements. FT-Raman is non-
destructive and normally requires little or
no sample preparation. This means that most
paper-related samples – from paper itself to
machine grease to diapers – can be placed
directly in the instrument for measure-
ment. The physical structure of the sample
can be studied since it is not destroyed
during the measurement process and the
same sample may be use for subsequent
tests. Contrast this with infrared measure-
ments where preparation if at all possible,
can be time consuming and damaging†.

FT-Raman experiments are conducted
in the NIR region of the spectrum where
glass is transparent. This means that spec-
tra can be recorded through normal glass
laboratory containers, chemical bottles or
tubes. In addition water, one of the main
impediments in making FT-IR measure-
ments, is NIR transparent and has a very
weak Raman spectrum. This means that
spectra are routinely measured through
glass from the solutes in aqueous solutions.

The paper industry has used various
elemental analysis techniques for many
years since they do give some information
about the samples. Raman, however allows
molecular speciation of the sometimes
complex mixtures that occur naturally in
these products. 

FT-Raman is overtaking older conven-
tional Raman techniques in paper labora-
tories mostly by virtue of it’s efficient use
of NIR excitation. The fluorescence 
problems that are caused by using visible
excitation with conventional Raman are
dramatically reduced in near infrared 
FT-Raman spectroscopy. In real terms this
means that FT-Raman allows useful spectra
to be recorded directly from around 90%
of samples; this number is as low as 20%
with older techniques!

The FT-Raman spectrum of a paper
sheet reveals a wealth of information about
the substrate, fillers and coatings and 
consequently FT-Raman is being used
increasingly as a tool for competitive
analysis, R&D and troubleshooting.

EXAMPLES

Figure 1 shows the FT-Raman spectra of
hydrophobic starch and of cellulose. This
serves as a very basic example of 
FT-Raman’s utility as an analytical tech-
nique. The different forms of cellulose are
the building blocks of wood and paper
products and starch is the most common
sizing used to surface coat finished paper. 

The spectra were recorded simply by
placing samples directly in the instrument
and scanning. As can be seen from this 
figure, FT-Raman provides a simple
method for differentiating and evaluating
the different forms of starch and cellulose. 

While wet chemical methods exist for
starch analysis, they are uniformly difficult,
time consuming and unreliable. Further in
FT-IR measurements, starch and cellulose
have very similar spectra making them
indistinguishable in mixtures – trying to
distinguish the different forms of each of
these two compounds is even more diffi-
cult! In addition to this, the FT-IR spectra
of these compounds are so strong that they 
routinely swamp any other information
which might be obtained from the sample.
No such problem exists with FT-Raman
measurements.

Titanium dioxide (TiO2) is often added
as a whitening agent to paper coatings or
as a filler. For example, in xerographic
paper, TiO2 and its different isomers have
strong, distinct Raman spectra and can

therefore normally be distinguished even
when they are present in only low concen-
trations relative to the other materials in
the sample.

FT-Raman is also used as a technique
for studying bindings and coating formula-
tions. Most quality and print grade papers
are surface coated in some way. This 
normally takes the form of a matrix (or
binder) in which other components are
mixed before it is applied in a thin layer
on the surface of the paper. The binder is
often a latex polymer such as a
styrene/butadiene rubber. 

The spectrum shown in Figure 2, is
again very strong, making it visible even
when the binder represents only a small
concentration in the thin layer of the 
coating. The chemistry of such latex
blends has been studied by polymer
chemists for many years using Raman
spectroscopy and it is relatively easy to
characterize different types of rubbers and
to examine samples for their styrene to
butadiene ratio. This is very important
since changes in the make up of the
binder will have profound effects on the
physical properties of the coating.

Figure 3 shows the fingerprint region
of the FT-Raman spectrum of a coating 
formulation containing clay and starch in a
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latex binder are still clearly visible in the
formulation despite its low concentration.
The band at 1000 cm-1 Raman shift is from
the aromatic groups of the latex; it is one
of the strongest bands from Figure 2. 

Few techniques, besides FT-Raman, are
useful for analyzing these coatings which
are typically several microns thick and can
be very inhomogeneous with depth.
Changes with the depth of the coating
badly affect ESCA measurements since this
technique only looks at the top surface.
Pyrolysis and GC/MS, though common
techniques, also typically yield disappoint-
ing results since the small sample volume
is once more subject to problems of inho-
mogeneity. FT-Raman offers a relatively
large sample volume which is therefore
less affected by inhomogeneity and which
can be studied in situ on the paper.

Figure 4 is measured directly from a
sheet of coated alkaline paper. In this 
“finished” product FT-Raman allows us to
look at several of the individual components.
In addition to the cellulose spectrum,
some of the other components which can
be identified and independently analyzed
include the residual groundwood content,
calcium carbonate and clay fillers and the
styrene-butadiene binder.

“TROUBLE SHOOTING” AND
PRODUCTION PROBLEM SOLVING

Inclusions and impurities often appear in
finished paper products and it is impera-
tive that the source of these be traced
quickly in order that corrective action can
be taken. FT-Raman spectra can be
searched against spectral libraries in the
same way that FT-IR spectra can resulting
in a very useful tool for identifying the
compound. The measurements illustrated
in Figure 5 are from a “real-world” example
of such an industrial production problem.
The FT-Raman spectrum was measured
from some small gray particles embedded
in the bulk of the paper. The spectrum
identified the material as an inorganic
scale deposit from the walls of one of the
processing tanks. Analysis of the scale
spectrum identified it as a mixture of 
calcium carbonate, talc and magnesium
carbonate. The deposit had settled from
the aqueous solution in the tank, the talc
and calcium carbonate were being used as
a filler in the process but the magnesium

carbonate had been introduced into the
system accidentally.

This same analysis and component 
tracing was not possible using the FT-IR
technique since when scale was analyzed,
the talc dominated the spectrum and the
other components were not even in 
evidence. Elemental analysis did not provide
much help in speculating the components
since the talc also contains magnesium.

Figure 6 shows spectra of some other
chemical agents which are present in the
production process. The spectra show a
defoaming agent, a machine lubricant 
(a commonly identified staining impurity
on finished paper!) and an aqueous 
solution of an anionic chelating agent.
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CONCLUSIONS

FT-Raman is becoming a widely accepted
tool in paper companies and research 
laboratories because of it’s wide ranging
utility in many areas of importance to the
industry. FT-Raman has advantages in the
measurement of samples where other
available techniques fail. Measurements
can be made of most samples in their 
natural form without extensive preparation
– even if the samples are in aqueous 
solution. Effective speciation of different 
components making up the product is
possible and library searching can be used
to identify “unknowns”.
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*  Reprints of this paper are available from Nicolet.

†  A classic FT-IR sample which is very difficult to 
measure is man-made fibrous material such as 
diapers. The sample cannot be easily ground or 
dissolved and the surface is too rough for good ATR
contact.


